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© A method for transferring water from combustion gases to air of combustion. 

(g) This invention relates to a method of transferring water 
from gases generated by combustion to air of combustion 
when burning hydrogen-containing or moist fuels, In which the 
combustion gases are cooled to temperatures beneath or in the 
proximity of their dew point temperature. Subsequent to this 
initial cooling, the gases are further cooled by means of a 
regenerative exchange of heat with the incoming air nf 
combustion, such that water vapour Is condensed on the 
combustion gas side and revapourized on the air of combustion 
side, both heat and water vapour being transferred from the 
combustion gases to the air of combustion. 

In accordance with one preferred embodiment of the 
invention, the method is effected in a combustion engine, such 
as a diesel engine or Otto-ccyle engine. 
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Description 



A METHOD FOR TRANSFERRING WATER FROM COMBUSTION GASES TO AIR OF COMBUSTION 



The present invention relates to a method for 
transferring water from combustion gases to air of 
combustion In the combustion of hydrogenous or 5 
moisture-containing fuels, in which the combustion 
gases are cooled to temperatures beneath or close 
to their dew point for the purpose of condensing the 
water contained in the gases. 

When fuels which contain hydrogen and/or water 10 
are burned, water vapour will be generated in the 
resultant gases of combustion. Cooling of these 
gases to temperatures beneath their respective dew 
points will result in partial condensation of the water 
vapour present, therewith enabling the heat of 15 
condensation to be used for useful purposes. The 
possibility of utilizing the energy of condensation is 
often restricted, however, because it is not possible 
to utilize heat of such low temperature as that 
required for condensation. The combustion gases 20 
may also be cooled by heat exchange with air of 
combustion. When the gases are cooled through 
heat transfer with return water, however, and the 
gases have a temperature, in the vicinity of their dew 
point temperature, the decrease in combustion gas 25 
temperature wili be small when exchanging heat with 
the air of combustion, since in addition to sensible 
heat the gases aiso contain latent heat (heat of 
combustion). 

The object of the present invention is to improve 30 
the heat yield from a combustion process and to 
reduce the generation of nitrogen oxides in said 
process. 

The inventive method is characterized by, subse- 
quent to said initial cooling of the combustion gases, 35 
further cooling the gases by regenerative heat 
exchange with the incoming air of combustion, so 
that water vapour is condensed on the combus tion 
gas side and revapourized on the air of combustion 
side, both heat and water vapour being transferred 40 
from the combustion gases to the air of combustion. 

The invention will now be described in more detail 
with reference to the accompanying drawings, in 
which Figure 1 Illustrates a combustion plant in the 
form of a central heating furnace in which the 45 
inventive method is applied, and Figure 2 illustrates a 
combustion plant in the form of an internal combus- 
tion engine in which the inventive method can be 
applied. 

The arrangement illustrated in Figure 1 includes a 50 
central heating furnace 1 from which combustion 
gases, or flue gases, are passed to a first cooler 2, in 
which the gases are cooled to a temperature 
beneath or close to their dew point temperature. The 
gases are then passed from the cooler 2 to rotatable 55 
regenerative heat exchanger 3, in which the gases 
are further cooled, so that water vapour is con- 
densed on the flue gas side of the heat exchanger 3 
and revapourized on the air of combustion side 
thereof. The heat and water vapour thus transferred 60 
from the combustion gases to the air of combustion 
is then delivered to the furnace 1 together with the 
air of combustion. 



The rotatable regenerative heat exchanger 3 may 
comprise a hygroscopic rotor in which heat and 
moisture are transferred simultaneously from the 
combustion gases to the air of combustion. In this 
case, the air is preferably preheated and then 
subjected to an enthaipic heat-exchange process 
with the combustion gases. As a result of this 
process, the air will not be saturated with moisture 
and the flue gases will be dry, e.g. conditions which 
might be advantageous in subsequent process 
stages on the flue gas side of the system. The rotor 
itself is dry running. The moisture transfer is effected 
with the aid of hygroscopic means on the rotor. The 
heat exchanger 3 may alternatively comprise a rotor 
which is not hygroscopic, in which case cold air of 
combustion is subjected to a direct exchange of 
heat with hot saturated combustion gases. The rotor 
becomes wet on the gas side and moisture is 
passed from the rotor to the air of combustion side, 
where the moisture is partially vapourized. As a 
result of this process, the air of combustion will not 
be fully saturated with moisture, whereas the 
combustion gases will be. 

Figure 2 illustrates schematically another arrange- 
ment in which the inventive method can be applied. 
In the case of this embodiment combustion is 
effected in an internal combustion engine 4, e.g. a 
diesei engine, equipped with a turbo-charger 5. The 
gases of combustion, are passed from the turbo- 
charger to a first gas cooler 6, in which the gases are 
cooled to a temperature beneath or close to their 
dew point temperature. The gases are then passed 
from the cooler 6 to a rotating, regenerative heat 
exchanger 7, in which water vapour condenses on 
the combustion gas side and is revapourized on the 
air of combustion side. Thus, both heat and water 
vapour are passed from the gases to the air of 
combustion. As with the Figure 1 embodiment, the 
heat exchanger 7 may be either hygroscopic or 
non-hygroscopic. In accordance with the invention, 
further moisture is added to the air of combustion at 
the same time as the air is preheated, thereby 
enabling considerably more energy to be transferred 
from the gases to the air of combustion. Because of 
this increase in the water-vapour content of the air of 
combustion, the combustion temperature will be 
lower than when the moisture content of the 
combustion air is not increased. When the fuel is 
very moist, the air can be superheated prior to 
combustion, in order to compensate for falls in 
temperature. The combustion gases generated 
when combusting with air which has an elevated 
moisture content will contain more water vapour 
than those gases that are generated when combust- 
ing with air whose moisture content has not been 
elevated, therewith enabling more energy to be 
recovered when effecting an exchange of heat with 
return water for instance. This means in principle 
that energy can be taken from the combustion gases 
at a low temperature, through heat exchange with air 
of combustion having an elevated moisture content. 
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This energy is then recovered at a highter tempera- 
ture, by condensing water vapour in an exchange of 
heat with return water for instance. The effect 
achieved in this case is the same as tm achieved 
when a heat pump is used to upgrade the energy. 

In the case of known piants or arrangments of the 
aforementioned kind, the air of combustion is 
moistened and the combustion gases are cooled 
with the aid of scrubbers. When practicing the 
method according to the invention, the exchange of 
heat between the air of combustion and the 
combustion gases is effected with the aid of a 
rotating or regenerative heat exchanger, the resui; 
tant effect being novel and surprising and not 
previously known. 

The addition of water vapour to the air of 
combustion in accordance with the invention also 
has a beneficial effect when wishing to reduce the 
amount of nitrogen oxides contained by the com- 
bustion gases. This is particularly true in the case of 
internal combustion engines such as diesel en- 
gines, Otto-cycle engines, and aiso gas turbines. 
The transfer of water vapour from the combustion 
gases to the air of combustion obviates the need to 
supply water to the system from an external source. 




Claims 
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1. A method for transferring water from combus- 
tion gases to air of combustion when combusting 
hydrogen^ontaining or moist fuels, in which method 

10 the combustion gases are cooled to a temperature 
beneath or in the proximity of their dew point 
temperature, characterized by further cooling, the 
gases by regenerative heat exchange with the 
incoming air of combustion, such that water vapour 

15 is condensed pn the combustion gas side and 
revapourteed <?n the air of combustion side, both 
hest and water vapour being transferred from the 
combustion gases to the air of combustion. 

2. A method according to Claim 1, characterized 
20 by effecting the process of combustion In an internal 

combustion engine, 

3. A method according to Glaim 1, characterized 
by effecting the process of combustion In a diesel 
engine. 
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FIG. i 
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